Six independent isolates of an unusual black-pigmented Corynebacterium species (strains CN-1, CN-2, CN-3415, W70124, 91-0032, and 92-0360) were recovered from the human female urogenital tract. Four of the six source patients had complications of pregnancy, including spontaneous abortion, preterm labor, and low amniotic fluid volume at the time of the pathogen isolation. One isolate was recovered from a vaginal ulcer. All six strains yielded black-pigmented colonies on sheep blood agar, chocolate agar, and colistin-nalidixic acid agar after 24 to 48 h of incubation at 35°C. The dry, adherent colonies pitted the agar surface. The cells were coccobacillary to rod-shaped, catalase positive, nonmotile, and nonlipophilic. Only five of six isolates were available for characterization. Biochemical and chemotaxonomic studies revealed that the strains belong to the genus Corynebacterium but differ from known corynebacterial species. Comparative 16S rRNA gene sequence analysis showed that the strains are closely related and form a new subline within the genus Corynebacterium. We propose the name Corynebacterium nigricans sp. nov. for this group of coryneforms. The type strain of Corynebacterium nigricans is CN-1. It is deposited in the American Type Culture Collection (assigned strain number ATCC 700975) and in the Institute Pasteur collection (assigned strain number CIP 107346).
The female urogenital tract is a natural habitat for a multitude of commensal microbes, including diphtheroids. In many instances, these microbes and their metabolites serve as barriers against colonization by harmful pathogens that may cause different diseases. The reported commensal organisms of the female urogenital tract are species of Lactobacillus, Staphylococcus, Streptococcus, Neisseria, Mycoplasma, Ureaplasma, enteric organisms, Acinetobacter, Capnocytophaga, Enterococcus, Bacteroides, Porphyomonas, Prevotella, Fusobacterium, Mobiluncus, Peptostreptococcus, Propionibacterium, Actinomyces, Bifidobacterium, Candida, and coryneform bacteria (8) . Like other resident microbes of the human body, some of the vaginal microbiota also are opportunistic pathogens, which become pathogenic when the host immune status is compromised, suppressed, or under immunologic stress. A number of bacterial species are associated with urogenital-related diseases, and among the Corynebacterium species, C. lipophiloflavum, C. amycolatum, C. glucuronolyticum, C. riegelii, and C. urealyticum have been implicated (4, (6) (7) (8) . The CDC coryneforms group 4 and C. lipophiloflavum are reported to cause urinary tract infections and bacterial vaginosis, respectively (5, 9) .
Through the use of nucleic acid-based detection and characterization methods, such as 16S rRNA gene sequence analysis, many new pathogenic organisms are continually being identified, characterized, and linked to diseases of known and unknown etiology. This approach has been successfully applied in our laboratory to identify and characterize a number of fastidious microorganisms (12, (15) (16) (17) . An unusual black-pigmented species of Corynebacterium that was isolated from a vaginal swab from a 26-year-old woman who experienced a spontaneous abortion was previously reported (18) . After detailed biochemical and genetic characterization, it was found that the black-pigmented bacterial isolate was a novel pathogen. Since then, we have identified five additional isolates from the female urogenital tract that have the same phenotypic and genotypic characteristics of the Corynebacterium sp. type strain CN-1. All these strains were also clinically related. Four of the six isolates were recovered following vaginal swab for culture of patients after a report of complications during pregnancy. Based on the phenotypic and genotypic analyses of all six isolates, we propose the name Corynebacterium nigricans sp. nov. for this coryneform, which represents a novel species of the urogenital pathogen.
MATERIALS AND METHODS
Strains used and culture conditions. Six black-pigmented strains had been isolated, and five of them were characterized in detail. The body sites from which these strains were isolated are as follows: CN-1, CN 3415, W70124, 91-0032 are from vaginal swabs; CN-2 is from a cervical swab; and strain 92-0360 is from a vaginal ulcer (2, 17) . These strains have been independently isolated in the following medical centers: CN-1 and CN-2, Marshfield Clinic, Marshfield, Wis.; CN-3415 and W70124, St. John's Hospital, Springfield, Ill.; and 91-0032 and 92-0360, National Microbiology Laboratory (NML) in Canada (2) . The strains CDC B8037 and IMMIB D-1488 (C. aurimucosum type strain) were not available for comparison. C. nigricans strains were compared with two strains of blackpigmented, Rothia-like (CDC group 4) bacteria. These isolates (NML identifiers 77-0298 and 83-0250, recovered from sputa) were observed to have characteristics consistent with the genus Rothia, based on phenotypic reactions, cellular fatty acid (CFA) composition analysis, and 16S rRNA gene sequence analysis (K. Bernard, unpublished data).
Phenotypic characterization. Biochemical tests, including metabolisms of carbohydrates by these strains, were determined by either the API Coryne kit (bioMerieux, Marcy l'Etolie, France) or standard biochemical tests. The two NML strains were also tested using the API Coryne kit in parallel to conventional methods that included casein, tyrosine, and starch hydrolysis (2) . Products of fermentation for 91-0031 and 92-0360 were analyzed as described previously (3) .
CFA composition analysis and ancillary tests. CFAs were determined with the Microbial Identification System (MIDI, Newark, Del.) after 48 h of incubation at 35°C on 5% blood agar plates using version 4.0 of the MIDI operating software. MIDI library generation system software was used to create a library entry for the Canadian strains of the new species. CFA composition data were compared with entries found in the commercial library CLIN (MIDI) version 4.0 (1, 18) . The CAMP test was performed as described previously (4) . A lipophilic test was performed as described previously (5) .
Antimicrobial susceptibility testing. Antimicrobial susceptibility was determined by E-test on Mueller-Hinton agar plates supplemented with 5% sheep blood. Since the National Committee for Clinical Laboratory Standards has not explicitly set the breakpoints for susceptibility and resistance for Corynebacterium, no interpretation regarding resistance and susceptibility has been made (11) . Sensitivity to the vibriostatic disk was assessed (2) .
16S rRNA gene sequence analysis. The 16S rRNA genes of C. nigricans strains (CN-2 and CN-3415) were PCR amplified with the broad-range bacterial primers 27F (5ЈAGAGTTTGATCCTGGCTCAG3Ј), 806R(5ЈGGACTACCAGGGTA TCTAAT 3Ј), 13B (5ЈAGGCCCGGGAACGTATTCAC 3Ј), and 1527R(5ЈAA GGAGGTGATCCAGCC3Ј) (13, 22) . The sequences for the other strains (91-0032, 92-0360, and CN-1) were obtained from GenBank. PCR was performed in a PE7000 thermocycler using the GeneAmp PCR kit and the AmpliTaq DNA polymerase (Perkin Elmer, Branchburg, N.J.). A 100-l PCR consisted of 10 l of 10ϫ PCR buffer; 1.4 mM MgCl 2 ; 200 M dATP, dCTP, dGTP, and dTTP; 2.5 U of Taq polymerase; 20 pmol each of forward and reverse primers; and 5 l of the template DNA. The PCR products were purified and then sequenced by the cycle sequencing method with a number of nested primers (18) . The sequencing reactions were resolved either in an ALF Express DNA sequencer (Amersham Pharmacia Biotech, Piscataway, N.J.) or in an ABI 3100 gene analyzer (Applied Biosystems, Foster City, Calif.). The DNA sequences were aligned by using the DNAStar program (DNAStar Inc., Madison, Wis.) and edited manually.
Phylogenetic analysis. The rDNA sequences of the C. nigricans strains were aligned with a database of archaeal, bacterial, and eucaryotic small-subunit rRNA sequences (ca. 10,000 sequences in total) by using the ARB software package (19) . Both BlastN analysis (http://www.ncbi.nlm.nih.gov) and the parsimony insertion tool of ARB (19) were used to initially determine the phylogenetic group with which these sequences are associated. A subset of the ARB small-subunit rRNA alignment, including the five C. nigricans sequences, other representative corynebacterial sequences, and an M. tuberculosis sequence used as an outgroup, was selected for more detailed phylogenetic analysis. Both full-length datasets and sequence alignments minimized by the use of the Lane mask (10) were analyzed. Multiple sequence datasets, including a variety of taxa and outgroup species, were analyzed by maximum likelihood, maximum parsimony, and evolutionary distance analyses. The presented phylogenetic dendrogram is a consensus tree of 100 maximum likelihood bootstrap replicates (20) . The robustness of this tree was assessed by bootstrap resampling (1,000 replicates each) of parsimony and evolutionary distance (weighted least-squares mean with the general time reversal or Kimura two-parameter nucleotide substitution rate corrections) analyses (20) . Reported pairwise percent sequence identities are uncorrected.
Nucleotide sequence accession numbers. GenBank accession numbers for the strains identified in this study are as follows: CN-1, AF220220; CN-2, AY271720; CN-3415, AY227208; 91-0032, AY321294; and 92-0360, AF537608.
RESULTS AND DISCUSSION
Colonies of C. nigricans are small, round, rough, granular, and 0.5 to 1.5 mm in diameter after 24-h incubation and could grow up to 3.0 mm in diameter upon 48 to 72 h of incubation. The colonies acquire a distinct, dark black color after 24 h of incubation ( Fig. 1) . The black pigmentation appeared on blood, heme-containing chocolate, and colistin-naladixic acid agar plates incubated at 35°C. The black pigmentation ap-peared after 24 h on brain heart infusion plates and after 3 to 5 days on trypticase soy agar plates. The pigmentation was not water soluble. The colonies are catalase positive, nonhemolytic, dry, and adherent. Colonies pit the surface of agar and are difficult to remove from the surface. Cells are gram positive, coccoidal or coccobacillary to short rod-shaped, and nonsporulated and are often found in small clusters ( Fig. 2 ) approximately 1.25 to 2.5 microns in size. The common biochemical properties of five C. nigricans strains and a comparison with other urogenital Corynebacterium species, as determined by using the API Coryne strip, are described in Table 1 . The C. nigricans strains yielded negative reactions for nitrate reduction, urea, casein, starch, DNA, and esculin hydrolysis. The strains fermented glucose, maltose, sucrose, and fructose. Xylose, lactose, and indole tests were negative for two isolates. Most strains were negative for pyrazinamidase and alkaline phosphatase. CAMP reactions were negative. Two strains, 91-0032 and 92-0360, were characterized by both conventional methods and the API Coryne strip, with equivalent results being obtained, as shown in Table 1 . In addition, with conventional means, both strains hydrolyzed tyrosine and fermented fructose and mannose. These were also tested for a range of growth temperatures, and both could grow well (ϩϩϩϩ) in air and 5% CO 2 but poorly under anaerobic conditions (ϩ). Black-pigmented C. nigricans strains can be readily distinguished from similarly pigmented, Rothia-like bacteria based on a number of reactions, including nitrate reductions, esculin hydrolysis, and gelatinase production, and can be distinguished qualitatively by CFA analysis, as summarized in Table 2 .
All five strains were tested against a variety of antimicrobial agents commonly used against gram-positive organisms. The MICs based on the Etest are listed in Table 3 . The MICs for the same antimicrobial agent against different strains were very comparable for 8 out of 10 agents. However, the MICs for on October 10, 2019 by guest http://jcm.asm.org/ tetracycline and clindamycin had wide ranges. The tetracycline MIC ranged from 0.5 (91-0032) to 48 g/ml for CN-3415. The range was much wider in case of clindamycin. The MIC for strain 91-0032 was 0.38 g/ml, whereas it was Ͼ256 g/ml for strain CN-2. All five C. nigricans strains were negative for betalactamase production. The API Coryne kit was employed to identify these coryneforms. The API codes for three out of five strains tested was 0000125. Specifically, the API Coryne codes for strains CN-3415 and CN-2 were 2000125 and 0000125, respectively. The code for strain CN-1 was 2100327, whereas the code for strains 91-0032 and 92-0360 were 0000125, as described previously (2, 18) . Codes for this newly named species generated poor confidence levels towards CDC group F-1, C. striatum, C. amycolatum, C. minutissimum, and CDC group G when compared with API Coryne database version 2.
Total CFA composition was determined for strains 91-0030 and 92-0360, and a library entry was generated. CFAs were found to be consistent with those described for the genus Corynebacterium, where the majority of the CFAs are of the straight-chained or monounsaturated types (1) . A significant percentage of hexadecanoic acid (C16:0) (35%), cis-9 octadec- 
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White or buff, dry, anoic acid (C18:1w9c), cis-9,12 octadecadienoic acid (C18:2), and octadecanoic acid (C18:0) and tuberculosteric acid (1%) were observed. Peaks thought to represent coelution of corynemycolates at or near equivalent chain lengths 14.958 and 16.764 were present (1) . The CFA composition of CN-1 was described previously (18) and was qualitatively and qualitatively consistent with these strains. Prior to creation of a library entry, each strain was found to generate good to excellent similarity index values (0.48 to 0.76) to the entry in CLIN for C. minutissimum, with no other significant matches. Propionic acid was not detected as a product of fermentation (2) . Based on the unique colony phenotype, biochemical properties, and chemotaxonomic data presented here, this bacterium represents a new species in the genus Corynebacterium.
Phylogenetic analysis. In order to do a comprehensive phylogenetic analysis of C. nigricans, 16S rRNA gene sequences were obtained for four additional C. nigricans strains, namely, CN-2, CN-3415, 91-0032, and 92-0360 (2, 18; this study). A detailed 16S rDNA-based phylogenetic analysis of the first reported black-pigmented Corynebacterium species, strain CN-1, by Shukla et al. (18) revealed that it was a novel species (Gen-Bank accession no. AF220220) related to another corynebacterial isolate, CDC B8037 (GenBank accession no. AF033314). Initial phylogenetic analyses of these sequences with BlastN and ARB software (19) clearly placed these strains within the genus Corynebacterium and suggested a close phylogenetic relationship of these strains with C. nigricans strain CN-1 and CDC B8037. The C. aurimucosum strain that was reported after the initial description of the strain CN-1 had 16S rDNA sequences that were closely related to strain CN-1 by this preliminary analysis (23) . Therefore, more precise phylogenetic relationships among the C. nigricans strains and other corynebacterial species were inferred by maximum likelihood, parsimony, and evolutionary distance methods of phylogenetic reconstruction. Figure 3 shows a representative consensus phylogenetic tree which was calculated by maximum likelihood analysis (20) . Parsimony and evolutionary distance analyses with a variety of sequence data sets and outgroup species provided results substantially similar to those depicted in Fig.  3 . Multiple bootstrap replicates were analyzed for each phylogenetic method in order to assess the robustness of any particular tree. In the case of the phylogenetic tree shown in Fig.  3 , the branch points for which high bootstrap values (i.e., 75%) were determined by at least one method of phylogenetic reconstruction are labeled. Near-full-length 16S rDNA sequences from five C. nigricans strains and sequences obtained from GenBank for strains D-1488 (type strain C. aurimucosum) and CDC B8037 consistently formed a monophyletic relatedness group exclusive of all other known corynebacterial isolates, with high bootstrap values (96, 96, and 96% for maximum likelihood, evolutionary distance, and parsimony analyses, respectively). This clade has been designated "C. nigricans group" in Fig. 3 . Pairwise percent sequence identities of the 16S rDNA sequence of the five C. nigricans strains and C. aurimucosum are presented in Table 4 . Although no rigid criterion exists for defining species based on 16S rRNA sequence similarities, the high pairwise percent sequence identities evident within this group (99.5% mean identity; range, 99.0 to 100% identity) are in the range observed for interspecific variation in the 16S rRNA sequences of other well-established species (e.g., Escherichia coli). Thus, the molecular-phylogenetic analyses reported here are highly suggestive that the members of the C. nigricans group represent strains of the same species. However, C. aurimucosum, a recently described species, did not include dryness, pitting, and black pigmentation as a colony phenotype. Its ecological niche is yet to be defined. The single reported strain of C. aurimucosum was a bronchial isolate, whereas, remarkably, all C. nigricans strains were of urogenital origin and four of the six source patients had complications of pregnancy. In the case of C. nigricans, there seems to be a correlation between its urogenital ecological niche and clinical syndromes associated with it. However, additional isolates of C. aurimucosum and a critical phylogenetic analysis of them by using genes in addition to the 16S rRNA gene should clarify the true relationship between C. nigricans and C. aurimucosum.
Clinical significance. This pathogen appears to be a clinically significant pathogen even though only a limited number of published reports are available. The first reported isolate came from a 34-year-old woman who presented with sudden onset of premature labor during her sixth month of pregnancy (18) . The patient had a spontaneous abortion after hospitalization. The second and third isolates were recovered from vaginal swabs, one of them being from a vaginal ulcer (2) . No medical histories were available for these patients. The case histories of the fourth, fifth, and the sixth isolates have been reported recently (14) . The fourth isolate, from a vaginal-rectal swab, was recovered from a 25-year-old woman with preterm labor at 23 weeks of gestation. The patient had a history of preterm, as well as caesarian-section, deliveries. The fifth patient was a 21-year-old admitted at 38 weeks for induction of labor. This patient had a history of two stillbirths. The patient was positive for anti-cardiolipin antibodies and a lupus anticoagulant. The sixth isolate was collected from a 24-year-old woman who had a history of four prior spontaneous miscar-riages (14) . The patient also had unexplained low amniotic fluid. Remarkably, all six isolates were of urogenital origin, and four of them came from women who had complications of pregnancy. Incidentally, no other significant sexually transmitted agents were recovered. These case histories suggested, at least, a case for an opportunistic infection by this pathogen (14) . Interestingly, even though no similar isolate has been recovered from the male genital tract, molecular evidence based on the 16S rDNA sequence suggests that a similar pathogen is present in prostatitis tissue (21) . This finding could infer sexual activity as a means to transmit this bacterium to women. Additional isolates from human clinical samples will help establish its ecological niche and pathogenic potential.
Description of Corynebacterium nigricans sp. nov. This description is based on the biochemical and genetic characteris- on October 10, 2019 by guest http://jcm.asm.org/ tics of five strains characterized so far. The name Corynebacterium nigricans (ni' gri-kanz) is derived from the word "niger" (L. fr. niger, black). The bacterial cells are gram positive, catalase positive, coccobacillary to rod-shaped, nonmotile, nonsporulated, and 1.25 to 2.5 micron in size. Colonies are small, dry, nonhemolytic, and granular. They are pitted, with a strong adhesion to agar. The colonies grow up to 2 to 3 mm in size after 48 h. The colonies produce black pigmentation on hemecontaining sheep blood agar, colistin-naladixic acid agar, chocolate agar, and non-heme-containing brain heart infusion agar after 24 to 48 h of incubation. In a laboratory, these could be the criteria to distinguish this coryneform from other coryneforms. The pigment is not water soluble. Colonies also turn black on trypticase soy agar after 4 to 5 days. The organism grows well in ambient air or in air saturated with 5% CO 2 . The C. nigricans strain fermented glucose, maltose, and sucrose. Ribose and glycogen reactions were variable. The fermentation of glycogen, ribose, and sucrose was weak at 24 h of incubation. The tests for nitrate reduction, urea, casein, starch, xanthine, and esculin hydrolysis are negative. The C. nigricans strains produce variable reactions for pyrazinamidase and alkaline phosphatase as well. For example, CN-2 is negative for pyrazinamidase and weakly positive for alkaline phosphatase. Interestingly, CN 3415 is negative for alkaline phosphatase and positive for pyrazinamidase (Table 1) . Strain CN-1 is CAMP negative. Its major CFAs are hexadecanoic acid and cis-9 octadecanoic acid, and its minor CFAs are tetradecanoic acid, octadecanoic acid, cis-9 hexadecanoic acid, cis-9,12 octadecadienoic acid, and octadecanoic acid. Finally, phylogenetic analysis based on 16S rRNA sequence data indicates that all the proposed C. nigricans strains form a closely related group of organisms that exhibit greater than 99% pairwise sequence identity. The C. nigricans type strain CN-1 has been deposited into the ATCC as accession ATCC 700795.
